from the arcs themselves. But, being hidden from our sight, neither the magnitude nor indeed the existence of this cause could be a priori ascertained, much less reduced to calculation. W hether, moreover, the errors brought to light by Colonel E verest arose solely from local attraction, or from local attraction combined with some local peculiarity in the curvature of the Indian Arc, was not apparent; so that the subject of local attrac tion and its influence on geodetic operations in this country, was still involved in obscu rity, and the anomalies of the Indian Arc remained unexplained in the papers which I have hitherto forwarded to the Society. In the present communication I think ambi guity is removed. I t is demonstrated that no peculiarity in the curvature of the arc can produce any part of the errors brought to light by Colonel E v er e st ; that those errors arise solely from local attraction; that they are in fact the exact measure of the difference of the resultant local attraction at the two extremities of each arc, from what ever causes the attraction may arise-mountains, ocean, or cru st; lastly, it is proved that there are hidden causes in the crust below the Indian Arc, and the differences of their resultant effect upon the stations of the arc are computed. An inference from these results is, that the relative position of places in a Map, laid down from geodetic operations, is accurate, being altogether unaffected by local attraction; though the position of the Map itself on the terrestrial spheroid will be dependent upon the observed latitude of some one station in it, and that observed latitude will be affectc® by the local attraction at that place. To determine the absolute latitude in some one station connected with the geodetic operations is still a desideratum. § 1. Summary o f the Results o f form er Papers.
2. The results of my former papers I may briefly sum up as follows:-(1) In the first of them* I calculated the effect of the Mountain-Region north of India upon the plumb-line at the three principal stations of the northern portion of the Indian A rp; viz. Kaliana (29° 30' 48") , Kalianpur (24° 7' 11"), and Damargida (18° 3' 15") . The deflections towards the north were found to be 27",98, 12"*05, 6"*79; and in consequence of these, the observed astronomical amplitudes would be 15"*93 and 5"*26 less than the true amplitudes determined by normals to the meridian line in the meridian plane.
These quantities, as I showed f, are not materially affected by new information regard ing the mountain mass communicated to me by Lieut.-Colonel S trach ey.
(2) In my second paper £ I calculated the effect on the plumb-line of a slight but wide-spread deviation of density in the crust of the earth, in excess or defect, froija that required by the fluid-law, and showed that the effect might be very sensible and important. The results of the calculation were embodied in the following T able:__ 
In my third paper * I calculated the effect on the plumb-line of the deficiency of attracting matter in the Ocean. I assumed the following law, as giving an average representation of the mass of w ater; viz. that the depths at the middle of the Bay of Bengal and of the Arabian Sea in the latitude of Cape Comorin, and at the mid-point between Madagascar and Australia, are severally 1 and 3 miles, and that the bottom slopes from the shores to these points, or to lines joining the first two with the third, or to other lines drawn northwards from those two points.
The meridian deflections toward the north at the three stations were made to be 6"T8, 9"*00, and 10"*44, causing an increase in the amplitudes equal to 2"*81 and 1"*44.
On combining these with the effect of the mountains, the deflections are 34"'16, 21"-05, and 17"*23, and therefore the true amplitudes 13"-11 and 3"*82 greater than the observed or astronomical amplitudes.
These are the main results of my calculations.
3.
In the Great Trigonometrical Survey of India, which has been conducted with so much care and ability, the amplitudes of the two arcs in question, calculated geodetically on the supposition of the Indian Arc being curved like the mean arc, came out, the first 5"*236 in excess, and the second 3"*791 in defect, of the amplitudes observed astronomically. Neither the attraction of the mountains, nor that of the ocean com bined with it, as appears from the last paragraph, would account for these, and especi ally for the negative sign. The other cause treated of (a variation in the density of the crust) being purely hypothetical and, if existent, yet altogether unknown in position and extent, it seemed hopeless to look for any precise explanation of the deviations of the plumb-line from that quarter, although the sufficiency of the cause to produce a sensible deflection was demonstrated.
I therefore attempted in each paper to explain the difference by attributing it to the * Philosophical Transactions, 1859, p. 779.
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Indian Arc being curved differently to the mean meridian of the earth. As each new disturbing cause-first the mountains, secondly the possible variation in density bdow, thirdly the ocean-was thought of and the effect calculated, the resulting curvature, of course, came out differently. In the present communication, however, I shall demonstrate that no change in the curvature of the arc, within reasonable and indeed wide limits, can possibly have any appreciable effect on the calculated amplitude. I t is this fact which leads to the result I have announced in the first paragraph. I will explain how this result did not flow from my former calculations. The length of the arc s between two stations is a ( l---J as sin cos X and m being the amplitude and middle latitude, and s the semi-major-axis and ellipticity. In order to find the effect produced on the dimensions of the ellipse passing through the two stations by increasing or decreasing the amplitude, this was differen tiated, s and m being considered constant. This gives an equation connecting and with dX, the change of the amplitude. A relation was then assumed (in the absence o a better method) between da and db, viz. that the mean value of a and b is the same in the two ellipses*. The calculation which I now give rests upon the fact, that the length of the chord of the arc must be the same in both the ellipses, the local and the mean, drawn through the stations at the extremities of the arc. There was a difficulty in following this course before, which I have now overcome. I find the length of the arc in terms of the unknown chord and semi-axes, and then differentiate with respect to the semi-axes, remembering that the chord is constant. All the terms now being small, an approximate value may be used in them for the chord in terms of either semi-axis and the observed latitudes of the extremities of the arc, § 2. a? He finds for the mean ellipse of the whole earth 0"*3856, 0=1"-O62O, #=0"*050, and therefore the corrections of the observed latitudes are, by the above formulae, 1"*810, -3"*156, 0"*050. Hence the amplitudes thus determined are 4"*966 in excess, and 3" *2 06 in defect of the observed amplitudes.
The form of the local ellipse can be determined from the data by putting the correc tions for the latitudes equal to zero. This gives 4 * 1 2 5 1^+ 2 * 7 7 5 6 0 = -0*403, 2*1831w+l*6203t>= 4*085, which give u = -19*2015, 0=28*3920, and thence a=20984066 feet, £=20876151, « = -L .
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These results agree well with those of Colonel Everest noticed above.
III.
The third measure is that determined by a comparison of the two arcs, the ampli tudes being corrected for mountain and ocean attraction. Let X, X', be the lengths, amplitudes, and middle-latitudes of two arcs, of which the amplitudes are not large-as in this instance. Then By what I have stated in paragraph 2, the increase to be made to the amplitudes to correct for mountain and ocean attraction is 13"*11 and 3"*82. The values of X and X' tliGrcforG X=5° 23' 37"+ 13"= 5° 23' 50", x'=6° 3' 5 6 "+ 4 "= 6° 4' 0", also s = 1 9 6 1 1 5 7 feet, s '= 2 2 0 2 9 2 6 f. These lead to 0 = 2 0 9 0 6 7 9 2 , £ = 2 0 8 4 3 7 9 5 , s = + j y # fourth measure of the arc is one proposed by Captain Clarke in the volume of the Ordnance Survey. H e suggests that by the principle of least squares the ellipse should be found which departs least from the mean ellipse in form, and at the same time gives deflections of the normal from the normal of the mean ellipse most in accordance with the calculated deflections. He finds this ellipse, taking account of mountain attraction only; the amount of ocean-attraction not having then been ascertained. The following recalculation, according to Captain Clarke's method, takes account of both. n i l IT Let I I I be the latitudes of the three stations referred to the mean ellipse. The l _1"*81 l -4-3"-16, l3-0"*05 are the observed latitudes (see the calcul Let lx+ L h-\-e2, l3+ e 3be the latitudes of the three places referred to any the axes being given by the formula? in u and v under II. Then cx~f-1 81, 62--3 16, £3_|_0"-05 are the corrections which must be added to the observed latitudes to make them accord with this new ellipse. The dimensions, then, of this ellipse are determined by solving these equations:-01_|_L81= 0-403+4-1251^+2-7756?;+#, e2_3T6 = -4-085+2-1831%+1*6203?;+#, 03+O-O5=#.
These equations give m= -0 -3 8 5 6 + 2 -5 9 4 6^-4 -4 4 4 6^+ l'8 5 0 0^3, v = 1*0620 -3-4958^+6-6056^2-3T098#3. Suppose d19 d2, d3 are the angles of deflection caused by the mountains and oce the most probable ellipse to measure the curvature of the Indian Arc (supposing th are no other causes of deflection of the vertical) is that which makes ( -^i)2+ ( # 2 -+ (#3-jjj + (2-5946^-4-4446^+l-8500e3)2+ (3 -4 9 5 8^-6-6056^+3*1098^)2 a minimum. By differentiation with respect to and €3 we obtain three equ * ni|j which after transformation become
03= -0T 2583d1+ 0 -3 0 0 8 7 d 2+ 0 -8 2 4 9 3 d J.
These give w== -0-3856 + 0-17432^-0-03671d2-0T37604, j
The values of the calculated deflections d19 d2, d3 are 34"*16, 21 05, 17 23. -these are substituted in the above formulse, we havê = 3 1^6 1 , 02=24"-58, 03=16"-25, w=2-4255, ^=2-4189. I Hence the errors in the observed latitudes as affected by deflection (or # i+ l 81, ^2 0s_|_O*O5) are 33"-42, 21"*42, and 16"-30, which are very nearly equal to the calculated deflection. Also the values of u and v give the following results for the semi-axes and eliipticity:-, «=20919988, 5=20846981, s =^.
5. The mean ellipse, as determined in the British Ordnance Survey Volume, gives a = 20926500, 4=20855400, If §0, bb be the excess (or, in case of a negative sign, the defect) of the semi-axes of any of the four ellipses described above, compared with the mean ellipse, then the following are tru e:- 6. The four several ellipses enumerated in the last section, representing the form of the arc between Kaliana and Damargida under different data and methods of calcula tion, are not necessarily concentric with the mean ellipse; but they must have their axes parallel to those of the mean ellipse, because the latitudes are measured from the same or parallel lines.
Suppose one of these four ellipses drawn through the extremities of the arc, Kaliana -Damargida, and an ellipse equal to the mean ellipse also drawn through those two fixed points, with the axes of the ellipses parallel to each other. Let , 5, s be the semi axes and ellipticity of the first of these, a and (3 the coordinates to its centre measured from some fixed point near that centre, and therefore near the centre of the earth. The squares and products of a-5, g, u and (3 may be neglected. Let s be the length of the arc, R, the distance of the point of the arc in mid-latitude from the origin of coordinates, l and l1 the observed latitudes of the extremities (viz. 29° 30' 48" and 18° 3' 15") , and m the amplitude and middle-latitude of the arc. I proceed to find the difference in length, and the distance at the mid-latitude of the local and mean arcs lying between the two stations, and also the distance of the centre of the local ellipse from that of the ellipse equal in dimensions to the mean ellipse, but drawn through the two stations at the extremities of the arc, as described above.
7. First. The difference in length of the arcs. Neglecting small quantities of the second order, +^2= « 2-f2 a^+ 2 /3^-2g(«2-d?2), y2= a 2+ 2 « a cos <?4-2a)3 sin 2«2g sin2 r = « + a cos sin ^-sin2
Let R, C, C' be the values of r at the mid-latitude and at the extremities of the arc:
Multiply by 1, M, N, add and make the coefficients of a and /3 vanish ;
• cos m + M cos Z+N cos
Taking the variation with respect to the axes, (£&-{-S£)^l-sec ^ X^ ^1-cos X sec ^ X^ cos 2m.
Put X = ll° 27' 11", 2m =47° 34' 25", &R= -0-0025078(&#-|-&&)4-0-0050586(&z-= 0-0025508^-0-0075664SA
9.
Third. The coordinates to the centre of the local ellipse from the centre of the ellipse equal to the mean ellipse drawn through the extremities of the arc.
By eliminating (3 from the two equations which give C and C', we have 
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Taking the variations with respect to a and ,
S« =-» ) ( c o ŝ -c°s 2 o t ) } :
S/3 = ->9-| (5«-W)(c°s X+cos 2m)}.
P ut X = l l° 27' 11", and 2m =47° 34' 25", -0-9196678&&-0*1404082(&a-SJ) --l-0 6 0 0 7 6 0^+ 0 * 1 4 0 4 0 8 m , ij3 = -0-4053130^+0-3353533 -0-3353533^-0-7406663^.
The formulas I have thus obtained are as follows:-
The values of la, lb have been found in paragraph 5 for the Four Ellipses. By sub stituting them in these formulae we are able to compare the ellipses with the mean ellipse. The results of this substitution are gathered together in the following Table, which contains also the semi-axes and e l lip ti c iti e s - The differences of the length of the four arcs, and of that of the mean arc between Kaliana and Damargida, are, by the Table in the last paragraph, -0-0000761 mile, -0*0002654, 0*0009542, 0*0011977.
These, converted into seconds, at the estimate of 69*5 miles to one degree, or 1 mile to 51"* 8, are -0"-00394, -0"-01375, 0"*04943, 0"*06204, which are absolutely insensible. From this it follows, that the length of the arc lying between its two extremities will be sensibly the same, whether it coincide with the mean ellipse in curvature, or with any of the other ellipses enumerated in § 2. O f course, on determining the geodetic amplitude from the formula 1 3
the amplitude will come out differently for these different ellipses, although s is the same. But the fact, that the length of the arc is the same whatever the curvature of the arc (within the recognized limits), leads to this result--that the geodetic amplitude calculated from the length measured by the Survey, by means of the above formula applied to the mean ellipse, will be the amplitude corresponding to the mean ellipse, however much the actual arc differs from the mean ellipse owing to geological or other causes. Hence the deflection of the plumb-line in India from the normal to the mean ellipse can in no degree be attributed to the possible or probable circumstance of the curvature of the arc differing from the mean ellipse, as it may differ materially from it without producing this effect. I may illustrate this still further by finding what amount of deviation in the curvature there may be without producing even 1" in the calculated length. The formulae of paragraph 10 give bs = 0 -0 0 0 3 3 9 7^-0*0010097^, Mt=0*0025536&a-0*0075756^. Eliminate and these give £Et= 7*517^4-0*0000155$.
Putting mile, and neglecting the second term, &R=0T451 mile =^th of a mile.
The surface of the earth may, therefore, be elevated or depressed through one-seventh part of a mile at the middle parts of the arc (about 800 miles long) without producing more than 1" difference in the length of the arc.
The Table in paragraph 10 shows that the length of the Indian Arc, according to no one of the four different measures which have been made of it, differs by even •g-jjo'th of a mile, and in three cases even by much less than this, from the ellipse equal to the mean ellipse.
12. The deviations brought out by the Indian Survey must arise, therefore, altogether from local attraction. The effect of the two visible causes-the Mountain-Mass and the 4 l 2
Ocean__have been calculated approximately, and are found to produce the deviations 13"*11 and 3"-82, making the astronomical amplitudes so much less than those calculated geodetically. But the Survey makes these deviations 5"*24 and -3"*79. There must, therefore, be some other source of attraction which increases the amplitudes by the differences of these, viz. by 7"*87 and 7"*61.' W e must attribute this to those hidden and unknown causes which lie below in the crust of the earth, where, as I have shown, causes, sufficient to produce a sensible deflection in the plumb-line, calculation proves may easily be supposed to reside. The following appears to me to be the simplest hypo thesis regarding the variation below to account for, these quantities, 7"-87 and 7"-61, which, it will be observed, are nearly equal to each other, that appertaining to the northern portion of the arc being somewhat larger than the other. If the density of the crust deviates by Tooth part from the density given by the fluidlaw through a cubic space, measuring 200 miles parallel and at right angles to the meridian and 200 miles deep, and situated with the centre of its upper surface at Kalianpur, then the Table in par. 2 shows that the deflections caused by the attraction of the upper and lower halves of this mass at a distance 379 miles from the centre of the upper surface on a point on the surface of the earth, along the chord of the arc, are l"-94+T'*62 = 3"*56.
I f the deviation in density be twice this, viz. -g^th part of the fluid-density, this deflection becomes 7"T2, very nearly the quantities to be accounted for. Now Kaliana is 371 miles, and Damargida is 430 miles from Kalianpur: these do not differ much from 379.
I t is very conceivable, therefore, that the deflections *87 and 7,,*61, which have to be accounted for, arise from a slight excess of density of about x^th part prevailing through a circuit of about 100 or 120 miles around Kalianpur, and to a depth of about 200 miles. Of course an indefinite number of other similar hypotheses might be framed to account for the deflections, but hardly one so simple as this. If we adopt the hypothesis of deficiency of matter beneath the Mountain Mass, we must suppose a similar deficiency to exist south of Damargida towards Cape Comorin and the Ocean; but as two independent hypotheses are here necessary, this solution is not so simple as the one I have adopted above.
13. Had I foreseen the result of the demonstration given in this communication, that a deviation in the curvature is altogether inadequate to account for any part even of the errors in the amplitudes, it would have been at once perceived, as it is now, that the errors 5f,*24, -3"'79 brought out by the Survey, must arise solely from local attraction affecting the plumb-line; and these errors would have been taken, as they now must be, to be the accurate measures of the differences of total local attraction at the three stations.
The calculations of Himmalayan and Ocean Attraction are nevertheless of consider able importance. W ithout them we should most probably have remained ignorant of the large amount of deflection due to that cause.
14. The numerical values of SR at the end of § 3 show that the Indian Arc, as represented by the first and second of the four measures I have enumerated, is slightly flatter than the mean ellipse in the corresponding p arts; but as represented by the third and fourth, is somewhat more curved*.
15. The calculations of the Survey bring to light, with considerable exactness, the errors in the amplitudes, or differences of latitude of the stations, but do not at all help us to discover what the total deflections at the stations are. These can be found only by a direct calculation of the effect of the causes, such as I have given in my former papers. I f these are not determined and allowed for, the latitude of a place determined by an observation of the sun or other heavenly body must always be erro neous to the extent of the deflection of the plumb-line at the place of observation. Thus, if the estimate of the hidden cause of disturbance in the instance of the Indian Arc, as above given, be accepted, the deflections at the three stations areArising from the Mountains . 2 f -98 12*05 a .
6*79
Arising from the Ocean .
6-18
9*00 10*44
Arising from the Hidden-cause . -7-87 0*00 7*61
Totals . By these quantities will the latitudes of the three places, as determined by observations of iRe heavenly bodies, be wrong. The existence of such large discrepancies would, not It will be observed that the four several elliptic arcs which I have examined, as representing the Indian Arc, have been compared, not with the mean ellipse itself, but with an ellipse equal to the mean ellipse, and supposed to be drawn through the extre mities of the arc. By the calculations of one part only of a meridian line it is impos sible to determine the position of the centre of the mean ellipse, and therefore to ascer tain how much the arc may have been upheaved or depressed with reference to the original centre of the earth when in a fluid state. I t would require the survey of the whole meridian from pole to pole to determine this. § 5. Conclusions fro m the whole investigation regarding the Indian Arc, IT. The results finally arrived at may be stated as follows:-(1) Colonel Everest discovered that the astronomical amplitudes of the two portions of the Indian Arc between Kaliana and Kalianpur, and between Kalianpur and Damargida, are, the first less by 5"*24, and the second greater by 3"'79, than the geodetic am plitude calculated with the mean semi-axes and ellipticity of the earth.
(2) The geodetic amplitudes of these two portions of the arc, calculated from the measured lengths and with the mean axes, will come out sensibly the same, even should the curvature of the arc differ from that of the mean meridian within reasonable but wide limits-a thing which geology teaches us to be very likely the case.
(3) Hence the geodetic measurements of the Survey being without sensible error, as is known by the tests applied, the discrepancy mentioned in (1) can arise only from local attraction affecting the vertical line, and so changing the astronomical amplitudes.
(4) Two great visible causes of disturbance of the vertical by attraction are, the Mountain Mass on the north of India, and the Ocean on the south. The influence of both of these is felt all over In d ia; the first producing a northerly deflection varying from 2T"*98 at Kaliana to a sensible angle (probably about but this I have not calculated) at Cape Comorin; the second producing also a northerly deflection, varying from about 19"* 71 at Cape Comorin to 6"*18 at Kaliana.
(5) The combined effect of these two visible causes is to make the astronomical ampli tudes of the upper arc 13,/*11 too small, and of the lower 3"'82 also too small. They are therefore insufficient to account for the discrepancies pointed out by Colonel E v er e st . Soul© other cause must exist tending to increase the upper astronomical amplitude by 13"T1 -5"'24=7"*87, and also to increase the lower amplitude by 3"*82-f 3"-79=7"-61.
(6) I t has been demonstrated that a slight but wide-spread variation in the density of the crust from that deduced from the fluid-theory, either in excess or defect, such as there is no difficulty in conceiving to exist, is sufficient to account for deflections such as these. For example, an excess of density amounting only to -g^th part, extending through a circuit of about 120 miles around the mid-point of the whole arc between Kaliana and Damargida (and therefore not far from Kalianpur), and to a depth of about 200 miles, will produce this effect, and make the calculated deflections from the three causes__the Mountains, the Ocean, and this Hidden Cause below-exactly accord with the observed errors in the astronomical amplitudes.
(7) The resulting total deflections at Kaliana, Kalianpur, and Damargida, arising from the three causes, are 26"-29, 21"-05, and 24"-84: these make the two astronomical amplitudes, the one 5"*24 smaller, and the other 3"*79 larger than the geodetic ampli tudes, the errors brought to light by Colonel E v e r e s t .
(8) No sensible error can arise in the relative situation of places determined by geodetic measurements, and arranged in a map. But the position assigned to the map itself on the surface of the mean spheroid will be affected by local attraction; viz. by the error at the station the latitude of which is observed in order to fix the map. This error may amount to as much as half a mile. Any station afterwards inserted in the map, from an observation of the sun, will be out of its place on the map, by the differ ence of the errors arising from local attraction at that station and at the principal station which fixes the position of the map on the spheroid. The calculation shows that this error may amount in some places to as much as one-tenth of a mile.
